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Moisture is one essential condition for seed germination, and poor germination is very costly to growers. There is, nevertheless, little experimental evidence concerning the effects of different percentages of available moisture (5) on germination; more study of the subject is essential. Since most vegetable seeds are planted at shallow depths, there may be rapid fluctuations of soil moisture around the seed, especially during the warmer months. This condition is common both to the irrigated soils of the west and to the soils of humid areas. Though sufficient water to bring it up to the desired moisture level. In the case of the Yolo fine sandy loam it was possible to bring and hold the soil moisture above the moisture equivalent (18 per cent., table I). Some puddling of the soil was noted at this moisture content. By this method it was possible to obtain, within the limits of + 0.2 per cent., the soil moisture desired. At and above 10 per cent. soil moisture for Yolo fine sandy loam and 20 per cent. soil moisture for Yolo clay, some of the crop seeds were treated with suitable seed disinfectants to obtain maximum germination. Seed treatments were not used at low soil moistures because they reduced the germination. Withi most of the crops 350 grams of the soil was placed in a no. 2 friction-top can, the soil was tamped, and 10 seeds were spaced evenly on the soil surface. Fifty grams of soil were used to cover the seed, and the surface again tamped. The larger seeds were placed on 300 gm. of soil and covered with 100 gm., so that in all cases each can held 400 gm. Twenty cans, or 200 seeds, were used for the averages of the Yolo fine sandy loam, and ten cans with 100 seeds for the Yolo clay. The seeds in these cans were germinated in a constant-temperature room at 770 F. except celery, lettuce, onions, and peas which were placed at 640 F. "Germination" as used in this paper indicates the percentage of seeds that sprouted and from which the plant emerged above the soil surface. Germination was recorded daily from the second to ninth day after seeding, and every other day for the remainder of the threeweek germination period.
To obtain satisfactory germination, the lettuce seeds were planted X' of an inch deep in the soil, but otherwise were handled in the usual way. Celery did not give satisfactory germination under the same conditions, but germinated well when planted in the usual soil mixture in common Petri dishes. One hundred seeds were planted in each dish. For celery, better germination than that shown in table I could be obtained by adding a drop of water to each seed after planting or by covering the soil surface with a wet filter paper or a wet cloth. Under these conditions 100 per cent. germination was obtained in a single Petri-dish trial.
At the end of the experiment all cans were screened so the seeds could be examined and the sprouting noted. Sometimes the percentage of moisture was determined after screening. For beets and New Zealand spinach, both the germination of the seed balls and the number of seedlings per 100 seed balls were recorded. Sunflower seeds were included with the vegetables because they are frequently used in determining the permanent wilting percentage.
Based on these data, the vegetable crops seem to fall into four groups. The classification was made by using the percentage germination just above the permanent wilting percentage; in other words, 9 of starting celery plants by scattering the seeds on the surface of the soil in a greenhouse flat, and then screening soil on the seeds until about half of them are covered. To insure high moisture, the flat is watered frequently through a piece of burlap sack and may also be covered with a piece of window glass. By keeping the burlap wet, the seeds are germinated in wet soil at a high humidity.
Seeds germinated more quickly at high soil moistures than at low and, except for the 8 per cent. soil moisture, the interval betweein first and last germination increased as the water content decreased. All crops that germinated at 8 per cent. soil moisture and above were used for figure 1. The soil moisture was determined in several cans of 9 per cent. and 10 per cent. series after the germination period of three weeks, to determine whether all the available moisture had been absorbed by the seeds. For a representative sample of the crops, the soil moisture was reduced below the permanent PLANT PHYSIOLOGY wilting percentage in 38 per cent. of the cases in the 9 per cent. soil moisture, and in only 13 per cent. of the cases in the 10 per cent. soil moisture (table I) . In all trials in this work, the soil moisture given is that of the soil at the time of seed planting, and the reduction in soil moisture was critical only at low soil moistures. Though the seeds of certain crops had sprouted at the low soil moistures, the plant did not appear above ground and so was not counted in the germination. Crops that germinated less than 80 per cent. at 9 per cent. soil moisture and that had a fair percentage of sprouted seed not appearing above the surface were lima beans (61 per cent.), beets (31 per cent.), and peas (68 per cent.). Lettuce had only 3 per cent. sprouted seed at 9 per cent. soil moisture. Many of these crops germinated less at the highest soil moistures than at some lower moisture, but the differences were significant only for spinach and New Zealand spinach. Germination in closed tin containers was probably more favorable for some seeds than for others. All seeds germinated within 5 per cent. of the official germination except carrots, onions, and peppers for the sandy loam; and winter squash for the clay soil. In preliminary trials there was some damping-off or rotting of seedlings in the cans. This was reduced and greater germination obtained by proper seed treatments; but sterilized soil was not used because steam sterilization may affect the moisture-holding capacity of the soil.
For statistical analysis the percentage of germination was calculated on the basis of the 10 seeds in each can. At first it was planned to use 10 cans of each vegetable and each treatment. Since, however, the results were variable, the number of cans was increased to 20. Even then the errors were much greater for some vegetables than for others. The large error for cucumbers and winter squash on the clay soil (table II) is probably due in part to the use of only 100 seeds in 10 cans.
